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Stack emissions are converted
to carbon based fertilizer









Integrated Biorefinery / Carbon Cycling Initiative





• National Laboratories: 
- OAK RIDGE (ORNL), 
- Nat. Renewable Energy Lab (NREL)
• USDA/DOE
• Regional: SAUBR (Southern Alliance for the 
Utilization of Biomass Resources)














































Aqueous Phase (Yield: 54.1 mass %), 
CALORIFIC VALUE: 15.0 MJ/kg
Oily Phase (Yield: 45.9 mass %) 
CALORIFIC VALUE: 20.2 MJ/kg
Water content: 31.9 mass %
Water content: 17.3 mass %
Calculated Properties of Whole Bio-oil:
Water Content: 25.2 mass %
Calorific Value: 17.4 MJ/kg















EXPECTED CHEMICAL COMPOSITION PER FRACTION 
VOLATILE COMPOUNDS: Boiling point: lower than 150 oC, Mw: lower than 100 g/mol.  (Example:
Low molar mass carboxylic acids, aldehydes, alcohols, ketones, alkanes)  (YIELD: 7-25 mass %)
WATER SOLUBLE COMPOUNDS:
-Polar Compound with Moderate Volatility: Boiling point: 150-300 oC, Mw: 100-210 g/mol.  (Example: 
phenols, furans) (YIELD: 2-20 mass %)
-Sugars: Mono-sugars: Mw: 150-200 g/mol, Boiling point: 250-400 oC (Example: levoglucosane, D-xylose 
and D-arabinose): Polysaccharides: Mw: 400-500 g/mol (YIELD: 0-15 mass %)
- Heavy Polar Compounds: Mw: 500-800 g/mol (YIELD: 0-15 mass %)
TOLUENE SOLUBLE and WATER INSOLUBLE-CH2Cl2 SOLUBLE COMPOUNDS:
-Mono-lignols: Boiling Point: 170-250 oC, Mw: 100-210 g/mol (Example: phenols, benzenediols, guaiacols, 
syringols) (YIELD: 3-15 mass %)
-Extractive derived: Boiling Point: 250-400 oC,  Mw: 210-400 g/mol (Example: fatty and resin acids, sterols, 
parafins, naphtanes) (YIELD: 0-10 mass %)
-Heavy Non-Polar Compounds: Mw: 500-900 g/mol (YIELD: 10-20 mass %)
WATER-CH2Cl2 INSOLUBLE COMPOUNDS: Mw: 900-2000 g/mol (YIELD: 0-20 mass %)
METHANOL INSOLUBLE COMPOUNDS: Char, Very heavy compounds: Mw: 2 000-10 000 
g/mol (YIELD: 0-2 mass %)










• Combustion - CHP, heat integration 
• Water gas shift hydrogen
• Upgrade bio-oil for diesel engine fuel
• Interface with FTL processes
• Char for gas cleaning and fertilizer
Ethanol  Fermentation
• Waste carbohydrates from food     
processors
• Crops: sweet potatoes, sorghum, beets
• Hemicellulose extract, levoglucosan
Biodiesel
• Fatty acids from wood
• Poultry fat, peanut oil, waste oil from food 
processors
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